Introduction
6 the diameters of plastics typically recovered from the digestive environments of 124 different seabirds (Hidalgo-Ruz et al., 2012) . 125
126
In the laboratory, samples from each beach were rinsed in Millipore Milli-Q water 127 through a sieve and with the aid of a Nylon brush in order to remove debris and 128 epiphytes before being dried at 40 o C for 24 hours. After recording the total dry 129 weights using a two figure balance, samples were divided according to appearance as 130 primary plastics (identifiable objects) or secondary plastics (unidentifiable fragments 131 derived from the breakdown of primary products) and coded according to colour. 132 133
FTIR analysis 134
The component polymers of selected samples (n = 30) were determined by Fourier 135 transform infra-red (FTIR) spectroscopy using a Bruker ALPHA Platinum attenuated 136 total reflection QuickSnap A220/D-01 spectrometer. Samples were clamped down on 137 to the ATR diamond crystal before measurements, consisting of 16 scans in the range 138 4000 to 400 cm -1 and at a resolution of 4 cm -1 , were activated via Bruker OPUS 139 spectroscopic software. Identification involved a comparison of sample transmittance 140 spectra with libraries of reference spectra. 141 142
XRF analysis 143
Samples were analysed for a suite of elements, of which Cd, Pb and Br are the focus 144 of the present study, by energy dispersive FP-XRF using a battery-powered Niton 145 XRF analyser (model XL3t 950 He GOLDD+) configured in a 'plastics' mode. 146
Although the general approach has been described and independently validated 147 elsewhere (Turner and Solman, 2016), the current study makes use of the instrument's7 'small-spot' facility for probing samples smaller than the 10-mm diameter of the 149 detector window. Here, 3-mm collimation is applied to the beam by means of a 150 tapered, tungsten alloy tube of appropriate distal exit aperture diameter that is aligned 151 over the x-ray source via a geared shutter mechanism. 152
153
In the laboratory, the instrument was fixed, nose-upwards, into a Thermo Fisher 154
Scientific accessory test stand (PN 420-017) and connected to a laptop computer via 155 USB. Each sample was measured for thickness through the flattest (measurement) 156 surface using digital callipers before being placed on a 20 cm 2 , 3.6 m thick polyester 157 film that was suspended above the detector window. The sample was positioned 158 centrally over the window using plastic tweezers, a process aided by referring to real-159 time video footage projected on the laptop through a CCD camera located next to the 160 x-ray source. On closing the shield of the stand, measurements, with appropriate 161 thickness correction, were activated through the laptop for 60 seconds, comprising 162 periods of counting of 40 seconds at 50 kV and 40 A and 20 seconds at 20 kV and 163 100 A. Spectra were quantified by fundamental parameters to yield elemental 164 concentrations on a dry weight basis (in g g -1 ) and a counting error of 2 (95% 165 confidence) that were downloaded to the laptop using Niton data transfer (NDT) PC 166 software. 167
168
Limits of detection, defined as 3 and calculated by fundamental parameters, varied 169
according to the precise density, shape, thickness and composition of sample, and 170 ranged from about 30 to 50 g g -1 for Cd, 5 to 20 g g -1 for Pb and 4 to 10 g g -1 for 171
Br. Multiple analyses (n = 20) of two Niton reference plastics that had been 
Occurrence and concentrations of Cd, Pb and Br 231
Also shown in Table 1 are the numbers of microplastics in which Cd, Pb and Br were 232 detected by XRF. Overall, Cd was detected in about 7% of all samples, and was more 233 abundant on a number basis in pellets and on a percentage basis in fragments. 234
Although the number of cases in which Cd was detected was greatest among white 235 microplastics, the highest percentages of detectable Cd were encountered in purple 236 and red samples. Within the purple category, Cd was detected exclusively in 237 production pellets, while in red samples the metal was detected in both pellets and 238
fragments. 239 240
Lead was detected in 7.5% of all samples analysed and, like Cd, was more abundant 241 on a number basis in plastic pellets and on a percentage basis in plastic fragments. 242
Regarding colour categories, the number of cases in which Pb was detected was 243 greatest among black samples, while the highest percentages of detectable Pb were 244 encountered in grey, purple and black plastics; Pb occurred least frequently in white-245 clear microplastics, with only one out of nearly 500 pellets of this colour containing 246 measurable quantities of the metal. 247 number of pellets than fragments but in similar percentages of the two types of 250 microplastic. Overall, and on both a number basis and percentage basis, Br was most 251 frequently detected amongst samples that were neutrally-coloured (black, grey and 252 white-clear). 253 254 Table 2 summarises the occurrences and co-associations (but not correlations) of the 255 three elements on both beaches and among the two types of microplastic. Thus, in 256 total, one or more of the elements was encountered in 182 samples, or about 20% of 257 all microplastics analysed. Cadmium and Pb were detectable in the same sample in 258 eight cases, Cd and Br in three cases and Pb and Br in 20 cases, while all three 259 elements co-existed in five, additional cases. Co-associations were more common at 260 Whitsand (n = 28) than at Woolacombe (n = 8) and, overall, were most frequent 261 among black pellets (n = 16). 262
263
The distribution of Cd, Pb and Br concentrations for both beaches and among the two 264 types of microplastic is shown in Table 3 Cr, where detected, and with a slope derived from linear regression of about 2 (Figure  292 2). The majority of samples conforming to this relationship were red fragments and 293 yellow fragments and pellets, qualitatively consistent with the presence of the 294 pigments, lead chromate molybdate sulphate red (Pb(Cr,S,Mo)O4) and lead chromate, 295 (PbCrO4), respectively. In addition to Pb, these pigments contain Cr in its hexavalent 296 form (although XRF is not able to verify elemental speciation) which, because of its 297 carcinogenicity and toxicity to reproduction, is also both hazardous and restricted in 298 in its gizzard-proventriculus for a period of seven days would be exposed to the same 370 quantity of Pb or Cd from the ingestion of about 4 g or 50 g of food.
Conclusions 373
This study has shown that the abundance and type of non-porous, moulded 374 microplastics from two sandy beaches of different aspect on the south west peninsula 375 of England are broadly similar. Specifically, the stock is composed of primary plastics 376 in the form of production pellets and smaller quantities of secondary, unidentifiable 377 fragments. Cadmium and Pb were detected in about 7% of over 900 samples analysed 378 by XRF, with the highest concentrations usually encountered in red and yellow pellets 379 or fragments and in association with Se and Cr, respectively (or as the coloured 380 pigments, cadmium sulphoselenide and lead chromate, respectively). Bromine was 381 detected in over 10% of samples analysed but was mainly encountered in neutrally-382 
